Introduction
Beluga whales, Delphinapterus leucas, are found throughout the Arctic and subarctic regions of the Northern Hemisphere, summering in coastal waters and estuaries and wintering in polynyas or in areas of shifting ice (Reeves et al., 2008) . Worldwide, there are 29 stocks of beluga whales, but some stock boundaries overlap spatially and seasonally (IWC, 2000) . Five stocks of beluga whales exist in U.S. waters (Beaufort Sea, eastern Chukchi Sea, eastern Bering Sea, Bristol Bay, Cook Inlet). Cook Inlet beluga whales are genetically distinct and geographically isolated from the other stocks (O'Corry-Crowe et al., 1997; Laidre et al., 2000; O'Corry-Crowe et al., 2002) .
In 2008, the National Oceanic and Atmospheric Administration's (NOAA) National Marine Fisheries Service (NMFS) listed the Cook Inlet in-water noise produced by this activity. We investigated beluga whale behavior before and during NOAA, 2008a) . The Cook Inlet population was estimated at 312 individuals in 2012 (Hobbs et al., 2015a) . The population was expected to increase each year following increased restrictions on subsistence hunting (Hobbs et al., 2015a) ; however, the population has continued to decline at a rate of approximately 1.6 % per year from 1999-2012 (Hobbs et al., 2015a) . According to population modeling studies, an optimal sustainable population should contain no fewer than 780 individuals (NMFS 1 ). Extinction risk models show a 42-71% probability of decline and up to a 14% probability of extinction within the next 100 years (Hobbs et al., 2015b) .
The "Draft Recovery Plan for the Cook Inlet Beluga Whale (Delphinapterus leucas)" (NMFS 1 ) includes a review and assessment of the known and possible threats to Cook Inlet be-lugas. Natural threats include stranding events, predation, parasitism, disease, and environmental changes. Potential anthropogenic threats include subsistence hunting, poaching, fi shing, pollution, vessel traffi c, tourism and whale watching, coastal zone development, noise, oil and gas development, and scientifi c research (Norman et al., 2015) .
Anthropogenic noise is of particular concern as coastal zone development increases in upper Cook Inlet (Castellote et al., 2011; Norman et al., 2015) . Current and proposed development projects include the Knik Arm ferry, the Knik Arm crossing, Chuitna coal mine, ORPC Alaska tidal energy projects, Port MacKenzie expansion, dredging off the Port of Anchorage (POA) to support deepdraft vessels, and the POA Marine Terminal Redevelopment (MTR) Project (NMFS 1,2 ). In-water construction activities at the MTR Project include dredging, gravel fi ll, and pile driving (NOAA, 2008b) . The combination of these activities could affect beluga whales through an increase in underwater noise, which could interfere with beluga whale communication and echolocation, cause behavioral changes (e.g., increased travel speed, change in dive patterns), mask important sounds, cause avoidance or displacement from important habitat or have a physiological impacts such as impaired auditory senses (Richardson et al. 1995; IWC, 2012) .
Studies evaluating impacts of construction activities, such as pile driving, on cetaceans are few (Richardson et al., 1995; Würsig et al., 2000; NRC, 2003; Carstensen et al., 2006; Tougaard et al., 2009; Bailey et al., 2010; Brandt et al., 2011; Dähne et al., 2013; Kendall et al., 2013; Wang et al., Figure 1.-Cook Inlet, Alaska (a) , with an inset of the study area near Anchorage, Alaska. The study area (b) in Knik Arm, upper Cook Inlet adjacent to Anchorage, Alaska. Cairn Point Station (star) is north of Anchorage. The three alternative observation stations, two at the Petroleum, Oil, and Lubricants Towers and one at the northeast corner of the POA dock (triangles) were located at the Port of Anchorage (asterisk) during the 2005-06 seasons. The MTR Project footprint is outlined and crosshatched. 2014 ), but they demonstrate changes in cetacean behavior. Bailey et al. (2010) showed that pile driving noise can be detected up to 70 km from the source. Responses from Indo-Pacifi c hump-backed dolphins, Sousa chinensis (Würsig et al., 2000; Wang et al., 2014) , and harbor porpoises, Phocoena phocoena, (Carstensen et al., 2006; Tougaard et al., 2009; Brandt et al., 2011; Dähne et al., 2013) , in the presence of pile driving activity include reduced vocal activity and avoidance of the area.
Cook Inlet beluga whale vocal activity also changed in the presence of construction activity (Kendall et al., 2013) . Since Cook Inlet beluga whales frequent areas with high levels of construction, it is important to understand how pile driving impacts these whales. We investigated beluga whale behavior before and during pile driving activity at the MTR Project. Sighting rates, mean sighting duration, behavior, mean group size, group composition, and group formation were compared between the two periods. The relationship between beluga whale sighting rates and the rate of pile driving was also examined.
Methods

Study Area
The study area included all visible water from shore-based observation stations located in Knik Arm, upper Cook Inlet near Anchorage, Alaska (Fig. 1a) . The POA and Port MacKenzie are both located at the entrance to Knik Arm (Fig. 1b) . All observation stations were located on the east side of Knik Arm in the vicinity of the POA (Fig. 1b) . If access to CPS was unavailable, the observer was located at the northeast corner of the dock at the POA.
Twenty minute scan samples were conducted using the naked eye for the fi rst 10 min followed by 10 min of scanning with binoculars (Bushnell 5 7 x 50 with internal magnetic compass; Funk et al. 6 ). Observers used a surveyor's theodolite (tripod mounted Topcon DT-102) to track the location of beluga whale groups. If the theodolite was unavailable, observers used a 500 x 500 m grid overlaying a map of the study area to document the location of whale groups (Prevel-Ramos et al. . One observer tracked whale groups using a surveyor's theodolite (tripod mounted Topcon DT-200) and the other used the 500 x 500 m grid. Observers continued to use the 500 x 500 m grid to maintain consistency in data collection and as a backup if the theodolite was unavailable or not working. For all seasons, daily observation hours were dependent on the available daylight hours.
During all seasons, once a whale group was observed, it was focal-followed until no longer in view (either dove and did not resurface or moved out of the study area) (Altmann, 1974) . One focal group was defi ned as one sighting. Observers documented the location, direction, color class, number of whales, and behavior and movement patterns and noted the time and location of each pattern. Any construction activity was also documented (Funk et al. 6 ; Cornick et al. 8 ). Descriptive statistics were calculated for sampling effort to determine monthly and annual totals. Numbers of sightings were calculated by month and year (Table 2) .
Theodolite tracking was used to triangulate the location of whale groups by measuring the horizontal angles from a selected reference point and vertical angles relative to the axis of gravity (Würsig et al., 1991; Gailey and Ortega-Ortiz, 2000) . The height of the eyepiece (measured daily), the vertical height of the station (surveyed at 62 m above mean lower low water [MLLW] ) and tide levels (height from MLLW) were also used to calculate the position of the whale group. Once the horizontal and vertical angles, the height of the station, and the tide height were known, each group's Group size and composition were recorded continuously until the whales went out of view. As whale groups were tracked through the study area, the number of individuals within each group was recorded multiple times. Once the whale group went out of view, the most accurate count was documented and used for group size statistical analysis. Each group was then classifi ed into size categories (lone, 2-5, 6-10, 11-25, 26-50, >50) . Group composition was defi ned by color class (white, grey, or mixed). Lone individuals of unknown color were excluded only from the group composition analysis (n = 3).
In 2009 beluga whales were classifi ed by color because more recent data have suggested that color cannot be used reliably to determine age class in beluga whales (McGuire et al. 9 ). Therefore, age classes documented Observation of catching prey (e.g., fi sh) in the mouth Suspected feeding Diving must be primary activity, then observation of chasing prey, diving nearshore or in an area known to have prey species (e.g., Ship Creek) Other Observation of other behavior worth noting such as spy hopping (i.e., a whale observed in a vertical position with its head extending out of the water), etc.
Acute response 2 Description
Startled effect A whale group appears to be suddenly disturbed or agitated Approaches and then leaves the area A whale group moves toward the area and then change direction and leave the same way they entered Change in swimming speed
The increase or decrease in the speed of a whale group Abrupt change in direction A whale group suddenly changes the direction they are traveling Abrupt dives A whale group suddenly alters their diving pattern to more quick dives Disperse A whale group suddenly breaks apart and moves in separate directions Other A behavior other than the ones described above. Describe the behavior in the comments column.
from 2005 to 2008 were reclassifi ed into color classes as white (previously coded adults), grey (subadults), and dark grey in close proximity of another whale (calf). Animals during this period that were classifi ed as unknown were not reclassifi ed. Group formation was categorized as densely packed, dispersed, or alone. Group formation was not documented in 2006; therefore, group spread data (defi ned as body lengths apart) were recoded to match subsequent years' classifi cations. Group spread included ≤ 3 body lengths apart (densely packed), ≥ 4 body lengths apart (dispersed), and one individual (alone). If spread was not described, no group formation was assigned, and that sighting was not used in group formation analysis.
Data from 3 ; Markowitz and McGuire 4 ) and for 2008-09, the specifi c type and duration of construction activity were recorded. Construction activities often occurred simultaneously; therefore, construction activities were grouped into categories: pile driving (i.e., impact pile driving [IPD] , vibratory pile driving [VPD]), and no pile driving (i.e., dredging, fi ll placement, other).
The MTR Project environmental consulting fi rm Integrated Concepts and Research Corporation (ICRC) provided data on the total number of hours of pile driving for each year. Because not all months of pile driving activity were broken down into daily events, monthly pile driving activity was used in the statistical analysis. Construction records were normalized to sampling effort. For example, beluga whales were monitored during 17 days in August 2008; therefore, construction activity from those 17 days was used in the statistical analysis.
Statistical Analysis
Monthly in-water pile driving rates at the MTR Project for each year of construction were compared to monthly sighting rates using Pearson's correlation coeffi cient (2-tailed). Pile driving rates were calculated by dividing the monthly number of hours of pile driving activity that occurred on monitoring days by the monthly sampling effort. Sighting rates were determined by dividing the monthly number of sightings by the monthly sampling effort. Distributions for beluga whale sighting rates, sighting duration, and group size were heavily skewed and were not improved by transformation; therefore, Mann-Whitney U tests were also used to compare these variables before and during pile driving.
Chi-square goodness-of-fi t tests were used to compare behavior, group composition, and group formation before and during pile driving. Sampling effort increased from 2005 to 2009, resulting in unequal sample sizes; therefore, expected values for the chi-square tests were proportionally adjusted to correct for the difference in effort. Alpha levels for all analyses were set at p < 0.05 and all values are reported as mean ± 1 standard error unless otherwise indicated. SPSS (v. 15.0 for Windows) was used for statistical analyses.
Results
A total of about 2,329 h of sampling effort was completed across 349 d from 2005 to 2009 (Table 2) . Overall, 687 whales in 177 groups were documented during the 69 d that whales were sighted (Table 2) . A total of about 353 and 1,663 h of pile driving activity took place in 2008 and 2009, respectively. There was no relationship between monthly beluga whale sighting rates and monthly pile driving rates (r = 0.19, p = 0.37).
Sighting rates before (n = 12; 0.06 ± 0.01) and during (n = 13; 0.01 ± 0.03) pile driving activity were not significantly different (U std = .412, p = 0.68). However, sighting duration of beluga whales decreased signifi cantly (U std = -3.733, p < 0.001) during pile driving (39 ± 6 min before and 18 ± 3 min during; Fig. 2 ).
There were also signifi cant differences (χ 2 (2) = 22.80, p <0.01) in behavior before vs. during pile driving (Fig.  3) . Beluga whales primarily traveled through the study area both before and during pile driving; however, traveling increased relative to other behaviors during pile driving activity. Diving (n = 18 and n = 22, respectively) increased while suspected feeding (n = 6 and n = 4, respectively) decreased during pile driving. Feeding was observed on two occasions before pile driving and on zero occasions during pile driving. Documentation of milling began in 2008 and was observed on 21 occasions. No acute behavioral responses were documented.
Mean group size decreased during pile driving (5 ± 1 before and 4 ± 0 during); however, this difference was not statistically signifi cant (U std = -.959, p = .34). There were significant differences in group composition before and during pile driving (χ 2 (6) = 60.09, p < 0.01; Fig. 4 ; Table  4 ). Substantial differences in group composition before and during pile driving occurred among lone grey belugas (11% and 2%, respectively), lone white belugas (19% and 24%, respectively), groups with 2-5 whites (13% and 35%, respectively), mixed groups of 6-10 individuals (15% and 7%, respectively), and mixed groups of 11-25 individuals (15% and 4%, respectively; Table 4 ). Only one group of 26-50 mixed (n = 33, 1%) was observed in the study area during pile driving activity. No groups > 50 were observed.
Differences in group composition were also refl ected in signifi cant differences in group formation (χ 2 (2) = 7.75, p = 0.02) before and during pile driving (Fig. 5) . Beluga whales were primarily observed densely packed before and during pile driving activity (n = 23 and n = 70, respectively); however, the number of dispersed groups increased during pile driving (n = 4 before and n = 21 during), as did observations of lone individuals (n = 13 before and n = 32 during).
Discussion
Although there were no signifi cant differences in beluga whale sighting rates during pile driving, and monthly pile driving rates were not correlated with monthly sighting rates, significant differences in sighting duration, behavior, and group structure were observed during in-water pile driving at the MTR Project. Beluga whales are highly social animals that rely heavily on acoustic signals for communication and socializing, prey detection, and predator avoidance (Richardson et al., 1995) . Therefore, even subtle changes in the acoustic profi le of the environment may disrupt important activities, and thus impact the population.
The combination of a ~54% reduction in sighting duration (Fig. 2) and a 64% increase in traveling behavior (Fig. 3) suggests that beluga whales altered their movement patterns during pile driving. Temporary avoidance and even abandonment of areas during pile driving has been observed in Indo-Pacifi c hump-backed dolphins (Würsig et al., 2000; Wang et al., 2014) and harbor porpoise (Carstensen et al., 2006; Brandt et al., 2011 , Dähne et al., 2013 . In some cases the animals returned to the area once pile driving activity was completed (Wursig et al., 2000; Carstensen et al., 2006) ; however, the return time occasionally took several days (Carstensen et al., 2006) . Brandt et al. (2011) observed the reduction of harbor porpoise activity and density in construction areas over the entire 5 mo period that pile driving took place. They also documented increased use of areas as far as 22 km away from the construction site. Dähne et al., (2013) Figure 5.-Beluga whale group formation before and during pile driving. Group formation was signifi cantly different before and during pile driving (χ 2 (2) = 7.75, p = 0.02). Beluga whales were primarily observed densely packed both before and during pile driving (n = 23 and n = 70, respectively). Dispersed groups (n = 4 and n = 21, respectively) and lone individuals (n = 13 and n = 32, respectively) increased during pile driving. hump-backed dolphin's clicks would not be adversely affected during pile driving; however, their whistles would likely be masked. Kendall et al. (2013) only recorded echolocation clicks and no whistles or noisy vocalizations near construction activity during an acoustic study at the MTR Project, which is unusual for this highly vocal species (Reeves et al., 2008) . The lack of whistles and noisy vocalizations and the presence of echolocation clicks correspond to the travel behavior observed in this study because echolocation clicks are generally associated with navigation and foraging (Au et al., 1985; Au et al., 1987; Faucher, 1988; Turl and Penner, 1989; Turl, 1990) . However, Kendall et al. (2013) observed a higher click rate without construction activity indicating potential disturbance with a possible reduction in vocal activity during construction. Because pile driving can be detected at distances up to 70 km (Bailey et al, 2010) and beluga whales can likely hear pile driving activity over great distances from the source (Erbe and Farmer, 2000) , belugas entering Knik Arm may alter their travel patterns through the area and maximize their distance from the source to avoid prolonged exposure to noise associated with pile driving.
Observations of increased diving but reduced suspected/confi rmed feeding may suggest disruptions to foraging patterns; however, few observations of suspected and confi rmed feeding were documented during this study (10 suspected and 2 confi rmed). Beluga whales feed at locations close to the MTR Project (e.g., Ship Creek). With increased noise associated with pile driving, beluga whales may reduce their vocal activity (Kendall et al., 2013) , resulting in increased dive frequency but reduced capture success. The change in foraging behavior combined with the increased traveling suggests that during pile driving, beluga whales are choosing to move past these areas to other, potentially richer, feeding areas further into Knik Arm (e.g., Six Mile Creek, Eagle River, Eklutna River). These locations contain predictable salmon runs (ADFG, 2010) , an important food source for Cook Inlet beluga whales (NMFS 1 ), and the timing of these runs has been correlated with beluga whale movements into the upper reaches of Knik Arm (Ezer et al., 2013) .
Mean group size was reduced during pile driving, although this difference was not statistically signifi cant. The trend is supported, however, by the signifi cant increase in the number of lone white whales and the decrease in size of mixed groups from primarily 6 or more animals to groups of 2-5 animals (Fig. 4) . Beluga whales in densely packed groups increased by ~67% during pile driving (Fig. 5) ; however, there were also signifi cant increases in dispersed groups (~81%) and lone white whales (~60%). Given that mixed groups were smaller, it may be that these groups contained calves, and the densely packed formation provided decreased distances for communication in a noisier environment and better protection for calves. This is supported by the signifi cant decrease in the number of lone grey animals (Fig. 4) and previous data that indicate that Knik Arm is potentially a nursery area (Huntington, 2000; Hobbs et al., 2015c) .
The shallow waters of Knik Arm may also provide protection from killer whale, Orcinus orca, predation on calves (Shelden et al., 2003) . Conversely, the increase in dispersed groups is refl ective of the increase in the number of lone white whales and the number of small groups (2-5 individuals) of all white whales. Caron and Smith (1990) suggest summer segregation of the sexes; therefore, these dispersed groups of all white animals may be older juvenile and adult males, which likely reduces the need to travel more tightly spaced.
Group living is benefi cial because it decreases an animal's susceptibility to predation and decreases their risks from environmental challenges (i.e., decreases their cost of locomotion; Connor, 2000) . Bowhead, Balaena mysticetus; sperm, Physter macrocephalus; and beluga whales have been observed forming densely packed groups in the presence of anthropogenic noise (e.g., seismic airgun blasts, water-and aircraft; Ljungblad et al., 1988, Blane and Jaakson, 1994; Patenaude et al., 2002; Smultea et al., 2007) . Smultea et al. (2007) interpreted this response by sperm whales near the main Hawaiian Islands as a predator defense response. The overall reduction in group size and increase in the number of animals in more dispersed groups in the present study may reduce this benefi t for Cook Inlet beluga whales during pile driving.
The Cook Inlet beluga whale's range has contracted over the last three decades to the upper reaches of Cook Inlet, and the current population center is just outside the mouth of Knik Arm off the coast of Anchorage (Rugh et al., 2010; Shelden et al., 2015) . Knik Arm is designated as Type I Critical Habitat for this population (NOAA, 2011) . The area north of the construction site is an important foraging area (Sixmile Creek and Eagle River; Hobbs et al., 2005) and may also serve as a calving and nursery area (Huntington, 2000; Hobbs et al., 2015c) .
Any avoidance of Knik Arm could cause permanent displacement from critical habitat, potentially reducing foraging and reproductive success and hindering recovery. Continued monitoring of Cook Inlet beluga whales both during the completion of the MTR Project and well after construction is completed is necessary to determine if there are long-term impacts on Cook Inlet beluga whales, or if the observed changes in movement and association patterns and behavior are a temporary acute stressor on the population during pile driving events. Additionally, other development projects that increase noise levels in Cook Inlet should continue to collect and share data with the scientifi c community. These data can be compiled and used to determine the cumulative effects of noise and whether noise from development projects is creating long-or short-term impacts on the population, which is currently unknown.
